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Abstract

The treatment of chronic pain remains a complex
clinical challenge. As basic research progresses, more
is being understood about the mechanisms that under-
lie chronic pain. Understanding such physiology and
how it changes in response to nerve injury, for exam-
ple, enables the identification of potential targets for
analgesic therapy. This review discusses one such tar-
get: the T-type calcium channel. There are a variety of
other calcium channels, such as N-, P/Q- and L-type
channels. To date, research on calcium channels has
proved fruitful; for example, ziconotide (Prialt®), which
acts on N-type calcium channels, a target identified
using animal pain models, is now available for the
treatment of chronic pain.

Introduction

The upstroke of the action potential is almost exclu-
sively generated by the influx of Na* ions through voltage-
gated sodium channels. This influx causes the membrane
potential to become less negative, which results in acti-
vation of voltage-gated calcium channels. At the start of
the action potential, the intracellular Ca?* concentration is
much less than the extracellular Ca?* concentration, and
thus, opening of voltage-gated calcium channels results
in an influx of Ca?* into the cell. Repolarization of the cell

then occurs when the efflux of K* ions from the cell sur-
passes the influx of Ca?* into the cell.

The transmission of painful messages, or nociceptive
transmission, from the periphery to the spinal cord is
encoded in action potentials propagated by As- and C-
fibers. Thus, Na*, K* and Ca?* channels all play a role in
nociceptive transmission, and are therefore potential tar-
gets for analgesic drugs. Furthermore, calcium is a cru-
cial second messenger for intracellular signaling in neu-
rons and neurotransmitter release. In summary, Ca®
channels supply a key relationship between neuronal
hyperexcitability (a major problem in chronic pain states)
and synaptic transmission.

Several calcium channel subtypes have been identi-
fied: high-voltage-activated (HVA) N-, L-, P/Q- and R-type
channels and the low-voltage-activated (LVA) T-type
channel. Originally, L-type channels were so called
because they have a large single-channel conductance
and a long open time. In contrast, T-type channels
acquired their name from their tiny single-channel con-
ductance and transient open time. N-type initially referred
to neither L-type nor T-type (1), but these channels are
also predominantly expressed in neurons. P-type chan-
nels were termed such because of their expression in
cerebellar Purkinje neurons.

In general, native calcium channels consist of a main
al subunit and ancillary a2-3 and B subunits. Skeletal
L-type channels have an additional subunit (y). The al
subunit consists of 4 homologous transmembrane
regions (each comprised of 6 transmembrane domains)
connected by cytoplasmic links. This subunit gives rise to
the conduction pore and also the voltage-sensing and
-gating properties of the channel (2, 3). Thus, the al sub-
unit appears to dictate the main properties of the channel,
whereas the ancillary subunits can modulate channel
functions, e.g., gabapentin binding to the a2-8 subunit. To
date, 10 different genes that encode the ol subunit have
been identified and the classification of calcium channels
is based upon this (see Table I).

Since the clinical analgesic efficacy of drugs which
interact with calcium channels, such as gabapentin
(Neurontin®) and ziconotide (Prialt®), was demonstrated,
more attention is now being focused on the role of calci-
um channels in chronic pain. This review will focus on the
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Table I: Voltage-gated calcium channel a1 subunits (adapted from Ref. 3).

ol subunit Splice variant Type of current Primary tissue expression
Cal.l L-type Skeletal muscle
Ca,l.2 Ca/l.2a L-type Heart
Ca,1.2b L-type Smooth muscle
Ca,l.2c L-type Heart, pituitary, adrenal gland, brain
Ca,l.3 L-type Pancreas, ovary, kidney, cochlea, brain
Cal4 L-type Retina
Ca2.1 Ca2.la P/Q-type Cochlea, pituitary, brain
Ca2.1b P/Q-type Cochlea, pituitary, brain
Ca 2.2 Ca2.2a N-type Nervous system, brain
Ca,2.2b N-type Nervous system, brain
Ca 2.3 Ca2.3a R-type Heart, cochlea, pituitary, retina, brain
Ca,2.3b R-type Cochlea, retina, brain
Ca3.1 Ca3.1a T-type Nervous system, brain
Ca 3.2 Ca,3.2a T-type Heart, liver, kidney, brain
Ca 3.3 Ca3.3a T-type Brain

role of T-type calcium channels in chronic pain, summa-
rizing the evidence reported to date to indicate that block-
ade of T-type calcium channels could provide a novel
treatment for this condition.

Cloning and distribution of T-type calcium channels

Three ol subunit genes have been identified that
express T-type calcium channels: Ca3.1, Ca,3.2 and
Ca,3.3. The identification of these calcium channel
al subunits was predominantly the result of several stud-
ies performed by two laboratories. Perez-Reyes and col-
leagues first cloned the Ca 3.1 gene from rat brain using
a human expressed sequence tag (EST) clone (4).
Employing this human EST clone further, they cloned the
Ca 3.2 gene by screening a human heart library (5).
Using a different human EST clone, this laboratory
screened the rat brain and identified the rat Ca 3.3 gene
(6). Complementary to these efforts, the work of Monteil
and colleagues resulted in the cloning of the human forms
of Ca,3.1 (7) and Ca 3.3 (8).

Table | lists the tissues in which the T-type calcium
channel isoforms are primarily expressed. The distribu-
tion of Ca 3.1, Ca 3.2 and Ca 3.3 mRNA in the rat ner-
vous system has been extensively examined using in situ
hybridization (9, 10). Other studies have examined the
distribution of the T-type mRNA isoforms in the human
brain via Northern blotting experiments (7, 8, 11). There
was wide agreement among these studies in the patterns
of distribution and it was shown that many brain regions
express more than one type of Ca,3 mRNA. Cag3.1
MRNA was abundant in many brain regions, especially
the thalamic relay nuclei, cerebellum, amygdala, hip-
pocampus, olfactory bulb, cerebral cortex and claustrum
(9, 10). Another study found Ca,3.1-like immunoreactivity
of similar distribution in the rat brain and noted that it was
usually localized in both the dendrites and soma of neu-
rons (12). The highest expression of Ca 3.2 mRNA in the
brain was found in the olfactory bulb, indusium griseum

and hippocampus, whereas Ca,3.3 mRNA was most
apparent in the olfactory bulb, cerebral cortex, hippocam-
pus and thalamus (9).

In the spinal cord, Ca 3.1, Ca,3.2 and Ca 3.3 mRNA
expression was present in the dorsal horn at different
levels (9); Ca,3.1 mRNA had a moderate and even
expression throughout, Ca 3.2 mRNA was also moder-
ately expressed yet restricted to the superficial dorsal
horn, and Ca 3.3 mRNA expression was low and most
prominent in laminae Ill and IV. Ca,3.1 and Ca 3.2 mRNA
was also found in the ventral horn of the spinal cord at low
to moderate levels (9). Others reported a higher level of
staining for Ca 3.1 mRNA in the ventral horn compared to
the dorsal horn of the spinal cord (10). In contrast to its
expression in the spinal cord, Ca 3.1 mRNA is undetec-
table in dorsal root ganglia (DRG) (9, 13). Talley et al.
(1999) found a high level of Ca 3.2 mRNA and moderate
expression of Ca 3.3 mRNA in small and medium-sized
rat DRG cells. However, others have reported a similar
degree of expression of Ca 3.3 mRNA in rat DRG cells of
all sizes (13). Interestingly, it has been reported that
Ca 3.2 expression in the mouse DRG is specific to one
type of mechanoreceptor, the very sensitive D-hair recep-
tor (14).

Physiology of T-type calcium channels

As previously mentioned, T-type calcium channels
acquired their name due to their transient current during
a sustained pulse and their tiny single-channel conduc-
tance of Ca?* and Ba?* ions. Other major characteristics
of T-type channels have been established through elec-
trophysiological experiments and include: channel open-
ing after small membrane depolarizations, i.e., they are
LVA and slow deactivating tail currents due to slow chan-
nel closing when the membrane is repolarized (for an
extensive review on T-type current electrophysiology, see
Ref. 15). In DRG neurons, T-type currents are observed
at membrane potentials of -60 mV, a much lower activa-
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tion threshold than the —30 mV membrane potential
required to generate HVA calcium currents (1, 16).
Complete steady-state inactivation of T-type channels
arises at membrane potentials higher than —50 mV and
full activation of T-type channels is seen when the mem-
brane is hyperpolarized (=100 mV) (1). Of importance to
nociceptive transmission, T-type currents have been
recorded in small and medium-sized DRG neurons (17,
18), superficial dorsal horn neurons (19) and thalamic
neurons (20). Hence, these earlier electrophysiological
studies parallel the later reports on the expression of
T-type o1 subunit isoforms described in the previous sec-
tion.

T-type calcium channels cannot sustain neurotrans-
mission unaided (21) and do not mediate neurotransmit-
ter release. They are involved in neuronal bursting activi-
ty and, due to their slow deactivation kinetics, contribute
substantial calcium influx during membrane repolariza-
tion. The activation of T-type calcium channels in neurons
generates low-threshold calcium spikes that can trigger
bursts of action potentials, which can promote neuronal
hyperexcitability (see below). Their preferential localiza-
tion on dendrites underlies their role in enhancing synap-
tic signals. T-type calcium channels play a key role in the
oscillatory behavior of thalamic neurons, which transmit
information, often in a burst firing pattern, to the cerebral
cortex (15).

The cloning of the T-type calcium channel a1l subunit
gene family enabled further investigation into the kinetics
of T-type calcium currents. When Ca 3.1, Ca,3.2 and
Ca 3.3 isoforms are expressed in Xenopus oocytes or
mammalian cells, hallmark low-threshold-activated, tran-
sient and slowly deactivating calcium currents are
observed, akin to those previously recorded in animal
tissues. Of the three isoforms, Ca 3.1 currents have
the fastest activation and inactivation kinetics and Ca 3.3
currents the slowest (5-fold slower than Ca 3.1 currents)
(22).

Alternative splicing has also been implicated in the
functional properties of T-type calcium channels. Splice
variants of human brain Ca 3.3 channels had a differen-
tial expression across the brain (23) and whole-cell patch
clamp recording demonstrated different activation and
inactivation kinetics for these splice variants (24). Using
Ca 3.1 knockout mice, Ca,3.1 channels were shown to
be essential in thalamic burst firing (25). In addition, the
specific contribution of the different human calcium chan-
nel isoforms to neuronal excitability has been examined
and results indicated that Ca,3.1 and Ca,3.2 currents
generate short burst firing, whereas Ca, 3.3 current con-
tribute to persistent electrical activity (26). There are cur-
rently no pharmacological agents which can distinguish
between the different T-type calcium channel isoforms.

Evidence for a role for T-type calcium channels
in pain

The effect of nerve injury on T-type calcium currents
in DRG has been examined in several studies. In two
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studies from different laboratories, electrophysiological
recordings from DRG T-type calcium currents 2-7 weeks
following complete sciatic nerve transection (axotomy)
showed that these currents were unaffected by this neu-
ronal insult (27, 28). In contrast to these results, a loss of
T-type calcium currents in medium-sized DRG cells was
seen following axotomy (29) and chronic constriction
injury (CCI) to the sciatic nerve (30). In addition, the loss
of T-type current in CCI rats was accompanied by an
increase in neuronal excitability of DRG cells (31). This
increase in neuronal excitability could be explained by the
decreased calcium influx, resulting in a decrease in the
inhibitory calcium-activated potassium current. T-type cal-
cium currents in thalamic relay neurons were increased
by 68% and 44% at 1 and 3 days, respectively, following
unilateral corticectomy (32). Thus, the effect of nerve
injury on T-type calcium currents appears to be depen-
dent upon the site of the nerve injury.

An extensive electrophysiological study presented
evidence that T-type calcium channels play a direct role
in the mechanisms of hyperalgesia (33). A subset of
lamina | spinal neurons which express NK, receptors
have been shown to mediate hyperalgesia, as their abla-
tion by a substance P-conjugated toxin attenuated inflam-
mation- or nerve injury-evoked hyperalgesia (34, 35). The
induction of long-term potentiation (LTP) in lamina | spinal
neurons by conditioning C-fiber stimulation is an event
which underlies hyperalgesia in pain states and can be
experimentally replicated. It was elegantly demonstrated
that the induction of LTP is dependent upon the coactiva-
tion of not only NK, and NMDA receptors, but also T-type
calcium currents (33).

Peripheral T-type calcium channels have been shown
to be important in the generation of pain through redox
modulation. L-Cysteine and dithiothreitol (DTT) are reduc-
ing agents which enhance T-type calcium currents in rat
DRG neurons and recombinant Ca 3.2 channels (36).
Furthermore, injection of these reducing agents into the
paws of normal rats induced thermal hyperalgesia that
was reversed by the oxidizing agent 5,5-dithiobis(2-
nitrobenzoic acid) (DTNB) and the T-type blocker
mibefradil (36). Such experiments were repeated in
nerve-injured (CClI) rats and it was found that L-cysteine
enhanced and DTNB inhibited thermal hyperalgesia
evoked by nerve injury (37).

The role of T-type calcium channels in pain has also
been addressed using specific genetic modulation of
T-type calcium channel isoforms. Ca 3.1 knockout mice
were shown to have an increased sensitivity to visceral
pain, but no difference in acute pain thresholds or
responses to a cutaneous pain stimulus compared to
wild-type mice (38). Electrophysiological recordings from
ventroposterolateral (VPL) thalamocortical neurons
showed no effect of the significant genetic mutation on
the firing rate of single spikes, but a depletion of burst fir-
ing in Ca 3.1 knockout mice compared to wild-type mice
(38). This study suggests that: 1) somatic nociception is
processed differently to visceral pain; and 2) VPL thala-
mocortical neurons are activated initially in response to a
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surge of visceral input and then provide an inhibitory func-
tion in processing visceral nociceptive signals. Recently,
the effects of intrathecally administered oligodeoxynu-
cleotide antisense compounds specific for Ca 3.1, Ca 3.2
and Ca 3.3 were examined in normal and nerve-injured
(CClI) rats (39). Ca 3.2 antisense knockdown reduced T-
type currents in small and medium-sized DRG cells.
Acute mechanical and thermal responses were markedly
increased in normal rats. Moreover, a near complete
reversal of mechanical allodynia in CCIl rats was
observed and considerable inhibition of heat and
mechanical hyperalgesia, such that these responses
were of similar magnitude to the responses of normal rats
treated with Ca 3.2. Together, the results of these two
studies (38, 39) suggest that the different T-type calcium
channel isoforms can be antinociceptive or pronocicep-
tive. Ca 3.1 is antinociceptive, extensively expressed in
the thalamus, but absent in the DRG (9). Thus, intraperi-
toneal administration of mibefradil, a T-type blocker,
diminished visceral pain (38). In contrast, Ca 3.2 is pro-
nociceptive, expressed in the DRG, but absent in the
thalamus (9). Thus, intrathalamic administration
enhanced visceral pain (38).

Perhaps the major problem with elucidating the exact
role of T-type calcium channels in chronic pain is the cur-
rent lack of highly specific pharmacological agents. At
present, there are a handful of drugs which produce a
relatively selective blockade of T-type calcium channels.
An up-to-date summary of their in vivo analgesic effects
both in the laboratory and the clinic is discussed below.

Ethosuximide (Zarontin®)

Ethosuximide is a succinimide derivative that was
introduced in the U.S. in 1960 for the treatment of petit
mal (absence) epilepsy, and it still remains the drug of
choice for this condition (40). Ethosuximide blocks cloned
human T-type calcium channels in a state-dependent
manner, having a higher affinity for inactivated channels
(41). It is relatively selective for T-type calcium channels,
blocking T-type currents at a concentration 2-fold less
than that required for L-type current blockade in rat DRG
neurons (42). The antiepileptic properties of ethosuximide
were originally thought to be due to blockade of T-type
currents in thalamic neurons (20). However, ethosuximide
has also been shown to inhibit certain sodium and potas-
sium currents in thalamic neurons (43). Thus, there is a
possibility that the effects of ethosuximide may occur as
a result of a blockade at several types of ion channels.

Ethosuximide has been tested in vivo in a number of
laboratory pain paradigms. When administered into the
paw of normal rats, a short-lasting antinociceptive effect
was observed by the measurement of thermal withdrawal
latencies (44). Spinal administration of ethosuximide
inhibited the responses of spinal (wide-dynamic range)
neurons in a similar manner, both before and after nerve
injury (45). Ethosuximide has been shown to inhibit both
hyperalgesia and edema evoked by the inflammatory
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agents carrageenan and complete Freund’'s adjuvant
(46).

The analgesic effect of ethosuximide has also been
demonstrated in a number of rat models of neuropathic
pain. Systemic (i.p.) ethosuximide dose-dependently
reversed mechanical, heat and cold hypersensitivity
evoked by peripheral nerve injury, either CCI or spinal
nerve ligation (SNL) (46, 47). However, intrathecal etho-
suximide did not inhibit SNL-evoked mechanical and heat
hypersensitivity (47), which could suggest an insufficient
dose was administered or that the analgesic effect of
ethosuximide is exerted via actions at peripheral T-type
channels. However, intraplantar ethosuximide administra-
tion also failed to inhibit mechanical allodynia (47). This
could be an indication of the poor solubility of the drug, or
its limited potency, as intraplantar mibefradil was effective
in this experimental setting, as discussed below. In addi-
tion, ethosuximide produced a dose-related, marked
reversal of mechanical allodynia/hyperalgesia, without
tolerance, in rats with chemotherapy-induced (paclitaxel
or vincristine) painful peripheral neuropathy (48). This
study also demonstrated that ethosuximide could reverse
paclitaxel-induced cold allodynia (48).

The systemic doses used in these rat studies are with-
in the dosing range effective in rat models of epilepsy.
Unlike gabapentin, whose analgesic efficacy was initially
identified in adult epileptic patients who also had neuro-
pathic pain, there have been no such translation cases
with ethosuximide use. The reason for this is likely to be
that ethosuximide is a treatment for petit mal epilepsy, a
condition that is predominantly seen in children and usu-
ally dissipates by adulthood. Unfortunately, there have
been no clinical trials, either open-label or randomized,
with ethosuximide in chronic pain patients. The only
report on ethosuximide in a clinical pain setting describes
3 patients with migraine who were unresponsive to stan-
dard therapies but achieved remarkable relief of their
symptoms with ethosuximide therapy (49).

Mibefradil (Posicor®)

Mibefradil is a novel tetrazole selected for develop-
ment by Roche from over 500 analogues of the phenyl-
alkylamine verapamil, an L-type calcium channel antago-
nist. Mibefradil was marketed as Posicor® for the
treatment of stable angina pectoris and hypertension, but
was subsequently withdrawn from the market because it
was found to inhibit certain cytochrome P-450 enzymes
which resulted in the dangerous accumulation of numer-
ous other drugs that are normally eliminated via hepatic
mechanisms. Of the drugs with T-type calcium channel-
blocking capability, mibefradil is currently the most selec-
tive agent available. Mibefradil is 10-50-fold more selec-
tive for T-type calcium channels compared to L-type
calcium channels, depending on the experimental sce-
nario (50-52). Mibefradil appears to be equally potent at
all three cloned T-type calcium channels (53), although
there is evidence to suggest that it is 2-fold less selective
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for Ca,3.3 (8). Like ethosuximide, mibefradil has also
been shown to block a variety of other ion channels in
vitro, including sodium channels, potassium channels and
N-, P/Q- and L-type calcium channels (for a review of
these experiments, see Ref. 54).

Systemic (i.p.) mibefradil has been shown to exert
analgesic activity in normal rats, increasing responses to
mechanical and heat stimuli in a dose-related manner
(55). Intraperitoneal mibefradil also dose-dependently
inhibited thermal and mechanical hypersensitivity evoked
by nerve injury (SNL) in rats (47). As observed with
intrathecal ethosuximide, intrathecal mibefradil adminis-
tration also had no effect on mechanical allodynia and
heat hyperalgesia in SNL rats (47). Unlike ethosuximide,
however, intraplantar mibefradil inhibited SNL-evoked
mechanical and heat hypersensitivity (47), indicating
potentially greater potency for mibefradil at peripheral
T-type calcium channels. There are no reports on the clin-
ical efficacy of mibefradil in chronic pain patients, and
considering its withdrawal from the market for safety rea-
sons, this is unlikely to change.

Zonisamide (Zonegran®)

Zonisamide is a relatively new antiepileptic drug
derived from sulfonamide. It was initially introduced in
Japan, followed several years later, in 2000, by launch in
the U.S. It has been shown to block T-type calcium chan-
nels in the rat cerebral cortex (56) and in human neuro-
blastoma cells (57), and it also blocks voltage-dependent
sodium channels (58). Other potential mechanisms of
action for zonisamide have been reported, including
effects on dopaminergic transmission (59), serotonergic
transmission (60), free radicals (61) and nitric oxide (62).
The dominant mechanism of action of zonisamide is not
yet clear. Nevertheless, zonisamide significantly reduced
thermal hyperalgesia and, to a lesser extent, mechanical
allodynia in neuropathic rats (63).

To date, no randomized, controlled clinical trials have
been performed with zonisamide in neuropathic pain
patients. However, there are reports of open-label trials
and case reports on its use in chronic pain patients.
Zonisamide was given as adjunctive therapy to 40
patients who had treatment-refractory neuropathic pain
due to cervical or lumbar radiculopathies (64). Ten
patients reported a decrease of > 60% and another 8
patients a 30-60% decrease in their daily pain scores. A
retrospective review of neuropathic pain patients at an
outpatient clinic found that 100 of 142 patients reported
moderate pain relief with zonisamide (64). Two patients
with severe intractable central poststroke pain received
substantial pain relief with zonisamide (65). In another
case report, a patient with idiopathic polyneuropathy who
had responded poorly to a variety of pharmacotherapies
experienced a decrease in the pain score (scale of 0-10)
from 9 at baseline to 5 following zonisamide therapy (66).
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Phenytoin (Dilantin®)

Phenytoin is an old antiepileptic drug which has been
available since the 1950s. It was initially described as a
sodium channel blocker, but it can also block T-type cal-
cium channels at therapeutic concentrations (18, 67).
Phenytoin inhibits T-type currents in native rat DRG neu-
rons (18), neuroblastoma cells (67), rat hippocampal neu-
rons (68) and rat thalamic neurons (20). Electro-
physiological experiments with cells expressing cloned
T-type calcium channel isoforms demonstrated that
phenytoin elicited a complete, low-affinity block of Ca 3.1
and a mixed-sensitivity/affinity block of Ca, 3.2 (69).

Phenytoin inhibits spontaneous (ectopic) firing in neu-
romas of rat sciatic nerves (70). When administered into
the paws of normal rats, phenytoin produced a dose-
related inhibition of thermal nociception (44). However, it
was ineffective at inhibiting mechanical and heat hyperal-
gesia evoked by two types of peripheral nerve injury (CCI
and SNL) (71). Interestingly, phenytoin provided dose-
dependent relief from pain evoked by bradykinin applica-
tion to tooth pulp in rats (72). The results of this study are
in agreement with the traditional use of phenytoin in the
treatment of trigeminal neuralgia, although no clinical
trials have been performed in this condition.

The clinical experience with phenytoin as a treatment
for chronic pain has been varied. Two randomized, dou-
ble-blind, placebo-controlled trials of phenytoin in diabet-
ic neuropathy were reported (73, 74); one found it to be
more effective than placebo (73), while the other found it
to be ineffective (74). Mixed effects of phenytoin were
reported in 8 patients with thalamic pain, some reporting
beneficial effects and others detrimental effects (75). A
small randomized, double-blind trial of phenytoin in can-
cer pain patients concluded that it produced mild to mod-
erate relief of cancer pain and significantly enhanced
buprenorphine analgesia (76). Lastly, there is evidence
that intravenous phenytoin may prove beneficial in
patients who experience acute attacks of neuropathic
pain. This was demonstrated in a randomized, double-
blind, placebo-controlled trial in patients with acute neu-
ropathic pain flare-ups caused by various neuropathies
(77), and also in a patient with crescendo pelvic cancer-
related pain (78).

T-type calcium channel blockers — analgesic drugs
of the future?

The answer to this question is dependent on the gen-
eration of more selective T-type calcium channel block-
ers. A number of agents have shown selectivity for T-type
calcium channels in electrophysiological experiments.
Kurtoxin is a scorpion toxin that binds with high affinity to
Ca,3.1 channels (79). Certain derivatives of piperazinyl-
alkylisoxazole (80) and 3,4-dihydroquinazoline (81) have
been reported to be potent T-type channel blockers. In
addition, »-3 fatty acids have been shown to be rel-
atively selective at blocking native T-type calcium
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channels (82). Neuroactive steroids have also been
reported to inhibit acute nociception following peripheral
administration (83, 84). Perhaps further experiments with
these compounds in animal models of chronic pain will
shed more light on the contribution of T-type calcium
channels in chronic pain. Such efforts, in concert with the
generation of a truly selective T-type calcium channel
blocker, would validate whether the T-type calcium chan-
nel is a superior target for analgesic development.
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